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Abstract: Diapause hormone (DH) is a neurohormone which is secreted from suboesophageal ganglion and responsi- 
ble for induction of embryonic diapause in Bombyx mori. Here, using bioassay, we present evidence that Has-SGNP I , 
which clearly exhibited diapause egg inducing activity as does Bom-DH, is likely to be DH. We reported the molecular 
characterization of the Helicoverpa assulta diapause hormone analog by polymerase chain reaction. A 665 bp fragment con- 
taining the entire DH-like gene was isolated and characterized. DH-like gene comprised two exons interspersed by a single 
intron, and the consensus sequence for splicing junction is identified at the exon/intron boundary. The result shows that 
DH-like gene is localized in the genome of Helicoverpa assulta . 


Key words: Helicoverpa assulta ; Diapause hormone; Gene cloning; DNA sequencing 


JOS TU SH DALE EB SF 
ATE’, KAR’, RIE, RB RIS 


a. PREPARERS, dist 100080; 2. ‘HHBAAR RAS aR eB. RR AE 230027) 


WHE: MIMS AIR (Helicoverpa assulta) MERA BBE KER FRITS, UAHA SC BY eR E A H 
DNA ARR UETT PCR PIG, 195 665 bp MEN Bt KA RRR A EE, WESC SE aR E 
PAA PFE SS PS RE A. TSE SR SR ek 24 AEREA, CES 4 AS 5 PE 
Ml, HALT —T 482 bp MART. HPA, MAIER Bi PHA TP RK. 


KER: WR, KAR: BAER; DNA MF 
HASS: Q969.436.4; Q71 XRRR: A SBS: 0254 - 5853(2002)05 - 0367 - 05 


Many insects enter diapause at various develop- 
mental stages in their life cycles as a mean for adapta- 
tion to changing environments and for synchronization 
of population. The initiation and termination of dia- 
pause are triggered by a particular set of environmental 
stimuli such as temperature, photoperiod, humidity 
and nutrients. The neuroendocrine system is deeply 
involved in the control of the diapause event through 
transduction of environmental signals into humoral fac- 
tors (Denlinger, 1985; Yamashita & Suzuki, 1991). 


The embryonic diapause of the silkworm Bombyx 
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mori is induced by a neuropeptide, diapause hormone 
(DH) which is secreted from neurosecretory cells of the 
ganglion (SG) ( Yamashita & 
Hasegawa, 1985). DH is a 24 amino acid peptide 


suboesophageal 


amide and also is a neuropeptide belonging to the FX- 
PRL amide peptide family (Imai et al., 1991). The 
cloning and characterization of the cDNA and the gene 
encoding DH have shown that a single gene encodes a 
common polyprotein precursor, from which DH, 
pheromone biosynthesis 


activating neuropeptide 


(PBAN), and three other FXPRL amide peptides are 
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released through the post-translational processing ( Xu 
et al., 1995). 

The Has-PBAN cDNA has been isolated from the 
brain and suboesophageal ganglion (Br-SG) complexes 
of Helicoverpa assulta (Choi et al., 1998). In addi- 
tion to PBAN, four additional peptides with the FX- 
PRL or FXPKL sequence at their termini deduced from 
Has-PBAN cDNA also have very high homology to 
those of B.mori. The amino acid sequence of Has- 
SGNP (suboesophageal ganglion neuropeptide) I with 
24 amino acids (N*4 — L4) corresponds to the diapause 
1993). However, 
the physiological functions of this peptide have not 


hormone of B . mori (Sato et al., 


been determined in H .assulta , which diapauses dur- 
ing the pupal stages. 

Here we report evidence suggesting that Has- 
SGNP I is likely to be DH, based on analysis using 
bioassay. This evidence allowed us to clone Has DH- 
like gene using specific primers deduced from the Has- 
PBAN. Has DH-like gene has 56% 


Bom-DH (diapause hormone of B . mori) gene. 


identity with 


1 Materials and Methods 


1.1 Insects 

Larvae of H . assulta were originally collected from 
a pepper field in the suburb of Zhengzhou, Henan. 
The hatched larvae were reared at 25 + 1 © on an arti- 
ficial diet. Emerged adults were provided with a 10% 
sucrose solution as food. The brain and SG were dis- 
sected out in an insect saline from the pupae to extract 
total RNA. 

The bivoltine strain of the silkworm, Bombyx 
mori, Daizo, was supplied by Prof. XU Hou-rong, 
Anhui Agriculture University. The diapause nature of 
the bivoltine race is completely controlled by the incu- 
bation temperature. Non-diapausing eggs were incu- 
bated at a constant temperature of 15 C. The larvae 
were reared at 25 — 27 © on fresh mulberry leaves, 
and the pupae and adults were kept at 25 ©. 

1.2 Bioassay 

A bivoltine strain, Daizo was used to monitor ac- 
tivity of synthetic Has-SGNP Į . 1 nmol synthetic Has- 
SGNP I with the amidated C-terminus was injected into 


5 females pupae on day 4 at 15 C and the resultant 
moths were allowed to lay eggs. Hormone activity was 
measured by counting the number of diapausing eggs 
and non-diapausing eggs, and was expressed as a per- 
centage of diapause eggs to total fertilized eggs ( Ya- 
mashita, 1996). 
1.3 Preparation of H .assulta genomic DNA and 
RNA 

Pupae were thoroughly homogenized in N buffer 
(40 mmol/L Tris-HCl, pH 8.0; 5 mmol/L MgCh; 
12.5% sucrose; 25% glycerol; 3 mmol/L DTT). 
After centrifugation, the pellet was suspended in ex- 
traction buffer (20 mmol/L Tris-HCl, pH 8.0; 100 
mmol/L EDTA, pH 8.0; 0.5% SDS; 20 pg/mL 
RNase A and 100 pg/mL proteinase K). Following in- 
cubation, the mixture was extracted with phenol-chlo- 
roform. The upper aqueous phase was collected and 
DNA was dialysed in TE buffer at 4 © (Henry etal., 
1990). 

Total RNA was prepared from the brain and SG of 
H . assulta pupae by the single-step method of acid 
guanidinium thiocyanate-phenol-chloroform extraction. 
The brain and SG complexes were homogenized in solu- 
tion D (4 mmol/L guanidinium thiocyanate; 25 mmol/ 
L sodium citrate, pH 7.0; 0.5% SDS; 0.1 mmol/L 
2-mercaptoethanol) . After extraction with phenol-chlo- 
roform, total RNA was precipitated in cold ethanol 
(Chomezynski & Sacchi, 1987). 
1.4 DNA amplification, cloning and sequence 

analysis 

The polymerase chain reaction was carried out us- 
ing Takara PCR Amplification Kit with 100 ng partially 
digested genomic DNA by BamHI . Oligonucleotides 
were prepared based on published Has-PBAN (Choi et 
al., 1998 ): the P, (5- 
ATCGTTCAGTACAAGATG-3’ ) and downstream anti- 
sense primer P) (5’-AGTAGATATCCTTAGAGAG-3’ ) 
correspond to Has-PBAN cDNA nucleotide sequence 
12 — 29 and 176- 194. PCR was performed under the 
following temperature cycle regime: one cycle of 95 °C 
for 4 min, 30 cycles of 93 © for 1 min, 55 © for 1 
min and 72 © for 1.5 min. PCR amplified product 


was recovered by DEAE membrane method, subcloned 


upstream primer 
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into a pBluescript vector (Promega), and transformed 
into E.coli strain XL—- 1. 
1.5 RT-PCR 

1 pg of total RNA was reverse transcribed for 1 h 
at 42 © in 25 uL reaction mixture containing 0.5 pg of 
Oligo (dT), primer, 0.5 mmol/L dNTP and 5 units of 
M-MLV reverse transcriptase (TaKaRa). The first 
strand cDNA was amplified as described above by 
primers P, and P2. The cycles were as follows: denat- 
uration 4 min at 95 C, and then 1 min at each step, 


30 cycles of 93 C, 55T, 72 TC. 
2 Results 


2.1 Bioassay 

The biological activity of the synthetic amidated 
Has-SGNP Į was indirectly measured by injecting into 
5 female pupae of the silkworm on day 4. Nearly fifty 
percentage of laid eggs entered diapause when 1 nmol 
synthetic Has-SGNP Į was injected into each female 
pupae. No diapause eggs were produced in control fe- 
male pupae injected with non-amidated Has-SGNP | 
and distilled water. Thus, we suggest that Has-SGNP 
I is likely to be DH, is a new member of the DH fam- 
ily. 

2.2 Molecular cloning 

Using specific primers, we were able to obtain an 
amplified band of 665 bp. No amplification product 
was detected using distilled water as template for possi- 
ble contaminants (Fig.1). The purified PCR product 
was cloned into pBluescript vector. 

DH-like consists of 24 amino acids, shows 60% 
sequence similarity with Bom-DH. DH-like amino 
acids 5 - 24 are followed by Gly-Arg, a common 
cleavage site of prohormone (Fig.2). By comparing 
the nucleotide sequence of DH-like with the sequence 
of Has-SGNP I and Bom-DH, the exons sequence of 
DH-like showed 97% sequence similarity with that of 
Has-SGNP |, and shares 56% sequence similarity 
with that of Bom-DH (Fig.3). DH-like gene is inter- 
rupted by an intron after DH-like amino acid 4, and 
the length is 482 bp. The intron of DH-like gene be- 
gins and ends with the usual GT/AG doublets. 

2.3 RT-PCR 


(kb) 


23.13 > 


9.42 > 
6.56 > 


4.36 > 


+665 bp 





Fig.1 PCR amplification and cloning of DH-like 
gene in Helicoverpa assulta 
Lane 1: Marker; Lane 2: No DNA template was added to the PCR 
for possible contaminant; Lane 3: Genomic DNA digested with 
BamH | was added to the PCR; Lane 4: The positive plasmid 
DNA was digested by BamH | and Hind [| . 


Expression of DH-like gene was examined using 
RT-PCR. Total RNA isolated from the brain and SG 
was reverse transcribed and amplified using P, and P, 
oligonucleotides as primers . 

The predicted 183 bp amplification product was 
detected in the Br-SG complexes from day 0 - 1 pu- 
pae. At the same time there was no band in the reac- 
tion mixture of total RNA prepared as template from the 
Br-SG complexes which showed that there was no con- 


tamination in the PCR reaction (Fig.4). 
3 Discussion 


In this study, we present evidence for the DH- 
like nature of H .assulta. Synthetic amidated Has- 
SGNP I could induce nearly 50% laid eggs to enter 
diapause. However, Has-SGNP Į with non-amidated 
C-terminus was not active. This is consistent with the 
findings of Suwan et al. (1994) that the amidated C- 
terminus is indispensable elements of diapause hormone 
having DH activity. Then we use the method of poly- 
merase chain reaction with specific primers to clone the 
DH-like gene. We find that the intron of DH-like gene 
begins after amino acid 4 as that of Bom-DH gene. 
The length of DH-like gene is 482 bp, is much shorter 
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P 
AT.C..GT.T..CAQ..TAC...AAG.AIG 18 
M 1 

TTC AAT CAA ACT CAA TTG TTT GTT CTC CTT GCT GTT TTC ACT ACG 63 
F N Q I Qa F F V L L A vV F T T 16 
AGC AGT GTT TTA GGG AAT AAC AAT GAT GTT AAG gtagtcttagaagtg 111 
S S v L G N N N D VK 27 
ttaagtttaatattttataaaaaactagagaaactgcttcccgtttccggataaagtag 170 
ccaatatcattgtgggatagtgtatagcttcctaacagtaaaagaatttttcttatcgt 229 
ttccgaagtttcagagctttgaggctcaaacaaacaaatgttttattccttacaatatt 288 
cgtaaatagtaaccttatcccaggggaatttcttaatttctttcccaggggataaaaag 347 
taatcaaaaaattattactgtaaagttcgttaaaatctattcagtatattcgggtgaca 406 
tccagagatccgaagtttcaagattacatgtaaaactattcaaattgttaataagcgca 465 
tttcaatacaaactcttcagctttatattatattagtagcatctatgtatttagataaa 524 
taactctacctcttaattatgataactcaatacttaacatctaaatgttcacag GAT 581 


D 28 


GGC GCA GCG AGC GGG GCG CAC AGC GAC CGA CTA GGC CTT TGG TTC 626 
G_A A S G_ A H S D R L G L Ww F 53 


P2 
GGT CCC AGA CTA GGC AAG CGC TCT..CTC.AGG. ATA TCT._ACT 665 
G P R L G K R S L R I S T 66 


Fig.2 Nucleotide and amino acid sequence of DH-like gene in Helicoverpa assulta 


The DH-like sequence is underlined. Primers (P, and Pz) for PCR are indicated by thick dotted line. The exon 


and intron sequences are shown in uppercase and lowercase letter, respectively . 


Has DH-like ATG TTC AAT CAA ACT CAA TTG TTT GTT CTC CTT GCT GTT TTC 
Has-SGNP I ATG TTC AAT CAA ACT CAG TTC TTT GTT CTC CTT GCT GTC TTC 
Bom -DH ATG TAT AAA ACC AAC ATT GTT TTC AAC GTT TTA GCT TTG GCA 


Has DH-like ACT ACG AGC AGT GTT TTA GGG AAT AAC AAT GAT GTT AAG GAT 
Has-SGNPI ACT ACG AGC AGC GTT TTA GGA AAT AAC AAT GAT GTT AAG GAT 


Bom-DH TTG TTC AGT ATT TTC TTC GCG AGT TGC ACG GAT ATG AAG GAT 
Has DH-like GGC GCA GCG AGC GGG GCG CAC AGC GAC CGA CTA GGC CTT TGG 
Has-SGNP I GGC GCA GCG AGC GGG GCG CAC AGC GAC CGA CTA GGC CTT TGG 
Bom-DH GAA AGC GAC AGA GGA GCT CAC AGT GAG CGG GGC GCT CTC TGG 
Has DH-like ITC GGT CCC AGA CTA GGC AAG CGC TCT CTC AGG ATA TCT ACT 
Has-SGNPI TTC GGA CCC AGA CTA GGC AAG CGC TCT CTA AGG ATA TCT ACT 
Bom-DH TTC GGC CCC AGA CTC GGG AAG CGA TCA ATG AAG CCA TCC ACT 


Fig.3 Sequence similarity of insect DH and DH-like gene 
These nucleotide sequences are exons of insect DH and DH-like gene. Has: Helicoverpa assulta; Bom: Bombyx 


mori. The position of an intron is shown by an arrowhead. The nucleotide sequence of DH-like gene is under- 


lined. 
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(kb) 


23.13 > 
9.42 
6.56 
4.36 


2.32 
2.03 


vee 


WwW 


+183 bp 





Fig. t  DH-like cDNA product in Helicoverpa assulta 
Lane 1: Marker; Lane 2: First strand cDNA was used for amplifi- 
cation by PCR; Lane 3: Total RNA as template for amplification. 


than 1.3 kb intron of Bom-DH gene. Theexons nu- 
cleotide sequence of DH-like shares 56% sequence 
similarity with that of Bom-DH. Thus, the characteri- 
zation of the gene encoding the Has DH-like will great- 
ly deepen our understanding of the mechanism of insect 
diapause. 


It has been known that in B . mori, the C-termi- 
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However, the diapause of 


pupal 
H .assulta may have different regulatory mechanism 


with the embryonic diapause of B . mori . Furthermore , 


it is commonly thought that the diapause of embryonic 
diapause insects, such as B .mori, is controlled by 
DH. During the pupal stage, some of insects such as 
H .assulta enter diapause for the lack of prothoraci- 
cotropic hormone (PTTH), whose insufficiency blocks 
the synthesis of ecdysone and then prevents the trans- 
formation from pupa to adult (Denlinger, 1985). 
Thus, the cloning of the gene encoding DH in 
H .assulta will challenge the theory of insects dia- 
pause. 

Therefore, DH-like, besides inducing the silk- 
worm egg diapause, may be related to many other bio- 
logical processes in H . assulta. Further functional in- 


vestigation of DH-like remains to be elucidated. 
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